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I.  Historic Ai.  Kiiviiw. 

liARI-Y  BOATS. 

{Read  January  Jjrd,  11JI5). 
The  conception  of  submarim-  navigation  is  an  old  ono.  and     ub- 
..arine  boats  have  been  built  and  operated  fairly  successfully  several 
imes  during  the  last  hundred  and  forty  \ears.     As  early  as  1624  wc 
hear  of  a  Hollander,  Dr.  C.  J.  DrebU-l,  who  constrncttHl  .1  wiHulen  sub- 
marine boat  propelled  by  oars.    With  this  boat  he  exixriniented  on  the 
Thames.    Submarine  boats,  however,  did  not  actjuire  practical  militarv 
importance  till  in  this  century,  because  not  till  then  <li<i  the  technical 
resources  at  the  dispt)sal  of  the  inventors  permit  .1  practic.il  solution. 

During  the  years  1771  to  1775  an  Aimrican.  Da\id  Bushnell  tif 
Connecticut,  constructed  a  submarine  vessel  which  he  calleil  the  Ameri- 
can Turtle.  It  was  built  of  w<x)d  and  tiie  shajK-  was  ih.it  of  two  tortoise 
shells  stuck  together.  The  lK)at  ix)ssessed  in  a  primitive  form  most  of 
the  essential  features  of  modern  tyiK-s.  A  mine  1k)X  of  w.mkI  <  ontaimng 
150  lbs.  of  gunpowder  was  carried  on  tiie  outside  and  w.is  to  In-  att.iche<l 
with  a  screw  to  the  bottom  of  the  enemy  ship.  During:  the  War  of 
Independence  an  attack  was  attempted  ai;ain-t  a  British  friv;ate,  tin- 
Eagk,  but  the  operator  did  not  succeed  in  fi.xinn  the  mine,  whic  h  exploditl 
harmlessly  at  a  distance  from  the  ship.  Bushnell  was  the  first  inventor 
of  the  submarine  mine.  He  showed,  what  was  then  considerc-d  marvellous, 
that  gunpowder  could  be  made  to  exphxie  under  w.iter.  He  well 
deserves  the  title  accorded  to  him  as  the  "  Father  of  Submarine  War- 
fare". 

Robert  Fulton  took  up  the  ideas  of  Bushnell  and  with  mort'  means 
at  his  disposal  he  advanced  the  solution  of  the  proM  n  considerably. 
It  is  of  interest  to  note  that  Fulton  was  a  peace  a(h  ■catv.  arid  when 
he  devoted  so  much  energy  to  the  development  of  the  submarine  boat 
as  als  of  the  submarine  mine,  it  was  on  the  ground  tliat  he  believed 
these  weapons  would  make  war  on  the  sea  impossible.  Other  friends 
of  peace  have  had  the  same  belief.  We  know  now  how  much  they  have 
been  mistaken.     Fulton  went  to  Paris  in  1797  and  laid  his  plans  for  a 
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submarine  boat  before  the  Directory,  but  it  was  not  till  thre^  years  later 
when  he  offered  his  design  fo  Bonaparte,  who  was  then  First  Consul' 
that  h.s  plans  were  seriously  r-nsidered.     Bonaparte  saw  the  possi-' 
bd.t.es  of  the  new  weapon  and  appointed  a  Co„,mittee  consisti^of 
Volney,  Monge.  and  Laplace,  who  gave  a  favorable  report.    A  sum  o 
IO.OOO  francs  was  appropriated  for  the  purpose  and  an  cxperimi^ta 
boat  was  constructed.    The  shell  plating  of  tZ  boat  was  ofCwith 
iron  frames.    The  boat  wa.s  propelled  by  hand-driven  screws     FuUon 
descended  to  a  depth  of  25  ft.  and  remained  under  water  for  more  "1^" 

he'at"  H    S'  ""'"^  '  ^*''"  "'  ^^"^''^^'^  air  in  a  tank  forTen  wal  of 
the  a.r.    He  blew  up  a  small  vessel  in  the  harbor  of  Brest,  attaching  a 
mme  to  her  bottom.    In  spite  of  the  relative  success  of  the  ex^rimen's 
Napoleon  realised  that  the  speed,  which  was  only  two  knots   w^Z' 
smaU  for  military  purposes,  and  nothing  furthe-  was  done 

Uunng  the  Civil  War  in  America  a  number  of  so-called  "Davids" 
were  bu.lt  by  the  Confederates.  Although  referred  to  rsubm^n. 
boats,  they  were  p^bably  most  of  them^urface  l^atl  go  ng  awl  h 
with  very  httle  freeboard,  showing  practically  only  a  cupola  a^ve  the 
surace.  Some  of  them  were  designed  for  diving^  but  if  s  not  kLwn 
that  any  of  them  operated  successfully  under  water  Mos  of  Z  Zls 
were  constructed!  of  iron  plates  and  some  were  propel  e^  by  s^el^^ 
power  They  were  built  in  haste  with  limited  resource  aS  Z^^Z 
pnmitive  in  construction.  They  are  of  interest  chSyTcaunJev 
were  actually  ^mployed  in  war  and  because  one  of  themfa  hand  dr  ven 

th.  P/        ^"'^J"r''  '^'^  f^'^"^''  Government  built  a  submarine  boat 
was  of  E  :.o't  *^:,.'^?*^»'«^  ^'  ^^^^^on  in  .863.    The  PlonZ 
was  of  about  450  tons  displacement,  much  larger  than  any  boat  built 

was  not  unHke  th Tf "  Z'^'  '  '^^  '^^'^  ^'^    ^"^^  ^'ne^l  sha^ 
was  not  unhke  that  of  an  ordinary  torpedo  boat,  and  it  carried  a  suoeV 

structure  on  top  m  which  was  housed  a  detachable  boat  tX  u^'l^ 

the  Hpnth  u    .'  "*■"'"  '^"^  ^°'  *^^^"King  the  displacement  and 

vaHat  ois  TZ  ^  ''"'r'^  '""  "^"'^^'"«  ^>'''"^"«  ^^'-^  priced 

horzonta  Iders  Th  "I  '"°^^"'y-  '''''''  "^^  ^'^  --^ical  and 
norizontal  rudders.     The  boat  was  propelled  by  an  engine  driven  hv 

o?Tr":^snT'  "''""  '  ''■'  '^''^  ^*°^^  ^'  composed  arat  a  pressure 
of  12  atmospheres  was  carried.    The  engine  was  of  80  horse-powerand 

ronlH  ;•/  .  ^  "^^"^  '^°'^"  *°  ^-P^«  O^  f'Om  30  to  40  ft  she 
cou  d  shde  along  an  even  bottom  without  difficulty,  but  steering  in  tl 
vertical  plane  cau«.l  great  difficulties.     She  was  the  beT  design^ 
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boat  up  to  that  time,  l)ut  the  s\xh^\  was  t<H>  slnw,  tlir  radium  of  nrii.n 
small,  and  steerinK  in  thi-  vertiial  pl.ine  n-ni.iinrd  .in  nnsi)l\i-«|  pri»l»lcni. 
The  boat,  thcrt-fori',  ha<l  no  niilil.irv  vaUn-  .iml  in  1K74,  .iltir  itii  >»Mr- 
of  espcrimt-nts,  the  French  (i«)vernnient  ab.indomil  tin-  projeii. 

TlIE    PERIOD   FROM    iHHo  TO    li>t),<i. 

The  greatest  difficulty  l)efore  the  desinners  of  Mibniarinr  Iwi.its 
prior  to  1880  was  to  find  a  source  of  |>ower  suit.ilili'  for  uiidcrw.itir 
propulstion.  Compressed  air,  trial  in  the  Plons,eur,  w.is  prMli.il)l\  the 
best  available  means  of  storing  energy  for  that  purjxis*-,  but  tin-  .lir 
reservoirs  occupied  too  much  -ipace,  whence  the  supply  i>f  e!ierg\  tii.it 
could  be  carried  was  t(X)  limitwl.  It  was,  therefore,  of  the  gr»-.itesl 
importance  for  the  solution  of  this  problem  when  in  1880  the  French 
scientist  F'aure  succeeded  in  improving  the  lea<l  accumulator,  in'ente<l 
by  Plants  in  1859,  by  applying  a  layer  of  red  lead  paste  as  an  .idive 
material  to  the  lead  plates.  The  accumulator  so  perfected  atTordtd  a 
means  of  storing  energy  eminently  adapted  for  subm.irine  boats  siiu  i- 
it  was  independent  of  the  atmospheric  air  and,  although  heavy,  took  up 
relatively  little  space. 

Another  difficulty  was  that  no  weapon  existe<l,  suital)le  for  a  sub- 
marine boat.  Neither  the  attachment  of  mines  t«>  the  lK)ttom  of  .m 
enemy's  ship,  or  the  use  of  spar  or  towing  torpe<loes  offered  satisf.ictory 
solutions,  and  ramming  was  at  least  as  dangerous  to  the  submarine 
boat  as  to  the  t  -my's  ship.  Another  great  step  ii.  .ulvance  w.is,  there- 
fore, made  when  the  Whitehead  torptnio  apjK'ared  .dK)Ut  the  end  of 
the  "seventies".  This  weapon  enablwi  the  submarine  !x)at  to  attack  a 
ship  from  a  distance  without  difficult  and  dangerous  manauvres. 

At  the  same  time  there  was  in  the  "eighties"  a  strong  di  \  ilopinent  in 
all  machinery  and  fittings  usefl  in  the  application  of  electric  power  and 
light,  and  great  progress  was  made  in  the  production  and  storage  of 
compressed  air. 

Thanks  to  all  these  inventions  and  to  the  general  rapid  advance  in 
all  fields  of  engineering  which  was  characteristic  of  tliat  jx-riod,  the 
problem  of  the  submarine  boat  suddenly  became  capable  of  a  i)rartir.il 
solution.  In  various  parts  of  the  world  designs  were  prepared  and  ex- 
perimental boats  were  construe  ted,  which  before  the  end  of  the  century 
led  to  the  production  of  boats  practically  applicable  in  naval  warfare. 

In  the  "eighties"  the  author  of  this  article  commenre<l  to  study  the 
problem*  and  worked  out  several  designs  of  which  that  of  a  "diving 
boat"  published  in   i888t  will  be  here  briefly  describwl  in  order  to 

•5ii&Mari>w  Boats.  London.  1N87. 

to*  Propoitd  Duitm  lot  Sutliut  Boali  and  Dmnt  Boats.  \ntt.hmviw  of  Naval  Aichiirrtf,  London, 
1888. 
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illuMratc  the  general  standpoint  of  the  problem  at  that  time  It  wu 
reaJiied  that  ordinarily  a  .ubmarine  boat  would  travel  on  the  surface 
and  that  diving  would  only  be  necessary  occasionally,  namely  when  iri 
the  prt-sence  of  an  enemy.  Hence  the  boat  wa.  de«gned  essentially 
for  work  on  the  sur  ace  and  was  given  a  form  very  similar  to  that  of  a 
Thornycroft  torpedo-boat  A  large  self-bailing  superstructure  wa.s 
fitted  on  the  top.  by  which  a  good  freeboard  and  longitudinal  stability 
and  hence  Kood  seagoing  capability  were  secured.  The  total  reserve 
buoyancy  was  about  33  per  cent,  of  the  displacement  in  light  condition, 
half  of  which  was  obtained  by  emptying  internal  ballast  tanks,  the 

aZ        u'"'^,  **"*'  t°  *''*'  '^•"■baJ«nB  »upenitructure  which  was  pro- 
vided with  valves  that  could  be  clo«d  watertight.     The  propulsion 
was  to  take  place  on  the  surface  by  steam-power  and  in  the  s^lbnur,^ 
condition  by  electnc  accumulators.    A  combination  of  electric  pol^ 
for  submarine  propulsion  with  another  distinctly  diflferent  source  of 
power  for  the  surface  secured  at  once  the  miliUry  qualities  of  high 
speed  and  great  radius  of  action  necessary  for  bringing  the  boat  to  the 
field  of  operation  of  the  enemy,  and  invisibility  and  perfect  protection 
by  going  submerged  when  in  the  presence  of  the  enemy.    The  design 
provided  for  an  armament  of  two  Whitehead  torpedo  tubes  in  the  bow 
giving  great  powf .-  of  attack.  ' 

The  ty;*  '-.us  proposed,  where  principal  importance  was  attached 
to  service  in  the  surface  condition,  was  later  perfected,  and  boats  designed 
on  this  principle  are  now  generally  referred  to  as  "submersibles"  in 
con  radis tinction  to  "submarines",  which  are  designed  more  par- 
Uculariy  for  submerged  work.  The  characteristics  of  the  two  ty^  ^1 
be  more  fully  discussed  later.  *^ 

.nH^.!;.""*'2l"'  y?^'^"  ^  ^*«1«'  Mr.  T.  Nordenfelt,  built  several  boats 
and  attained  a  fair  measure  of  success.    He  used  steam-power  for  pro- 
pus,on  .K.th  on  the  surface  and  under  water,  the  steam  when  in  the 
latter  condition  bc-ing  derived  from  a  store  of  hot  water  in  a  r^^lloir 
.rHo7    T  '''''  """''"  ^"^  '"  °''^'^'  '°  °''*^'"  ^"  appreciable  radius  of 

;or."^t!,'''r  '  '"'^^  ^^^^'^  "^  ^°'  ""''"  ""^^^  ^  ^igh  pressure  had 
to  be  carried,  whence  much  space  and  weight  were  required.    Another 

Nordenfelt  boats  were  manceuvred  on  an  even  keel,  and  horizontal 

waf«8rT      'd\^^'"2'*  '^''  ^"''^  ^-  »"«  R"--  Government 
wasj^jt.    and   the  speed   was    Vkts.*    The  form   was  very  nearly 
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!thip-<«haped,  and  the  m-  jtructun-  wuk  vi-ry  Iodk-  The  cuntrol  of  th«- 
motion  in  the  vertical  plane  was  never  iwitiafactoriK  attained  in  the 
Notdenfelt  boats. 

In  France  M.  Claude  ( Kjubet  experimented  durinK  the  "eiKhties"  and 
"ninetie«"  with  a  small  ty|»e  of  boat  driven  «»nly  by  electricity  derive<l 
from  a  battery  of  primary  rtlls.  He  was.  entirely  »ucre«sful  and  his 
experience  proved  of  great  value  io  later  designeni.  but  the  tmatH  were 
too  small  and  slow  to  be  of  military  value.  The  French  (lovernment. 
therefore,  rejected  his  Ixiats.  and  in  188^  .<iet  to  work  to  build  submarine 
boats  itself. 

The  first  boat  built  by  the  Fr  ch  Governmen  ince  its  attempt 
with  the  PloHgeur  was  the  Gymnott,  laid  down  in  .  a  small  30  t». 

electrically-driven  experimental  submarirc.  A^  1  the  Goubet 
boats  the  power  was  at  first  derived  from  prii  lary  cells,  but  later  a 
storage  battery  of  iron-copper  elements  uri,  finally  of  lead  accumu- 
lators were  substituted.  Lea  '  ..Tumulau  '  were  here,  it  appears, 
used  for  the  first  time  in  subm    ■'.    boats. 

In  iP:  a  much  larger  boat,  the  Gustave  Zidi,  .<f its.,  was  laid  down 
She  was  likewise  driven  by  electricity  only  and  was  designed  for  high 
speed.  The  ratio  of  length  to  diameter  was  about  15.  Great  diffi- 
culties were  experienced  with  the  storage  battery.  On  one  occasion 
the  battery  was  so  badly  damaged  by  short-circuiting  that  it  had  to 
be  dismantled,  whereupon  larger  cells  of  an  improved  type  were  sub- 
stituted. Vertical  steering  proved  very  difficult,  the  boat  often  took 
excessive  inclinations  and  hit  the  bottom  on  some  occasions.  Additional 
horizontal  rudders  were  fitted,  so  that  at  last  there  were  rudders  both 
forward  and  aft  and  also  amidships. 

The  construction  of  the  next  boat  the  \forse  was  suspended  for  a 
long  time  pending  the  alterations  in  the  Gustave  Zldl  and  was  not 
completed  till  1898.  The  Morse  was  more  ship-shaped  and  carried  an 
optical  tube,  probably  of  primitive  construction.  This  was  a  most 
important  addition  to  the  outfit  of  the  submarine  boat,  because  if  further 
developed  it  promised  to  solve,  partly  at  least,  one  of  the  greatest 
difficulties  connected  with  submarine  navigation,  viz.,  the  complete 
blindness  of  the  boat  when  travelling  under  water.  It  enabled  a  boat 
to  approach  an  enemy  within  striking  distance  of  the  torpedo  without 
the  necessity  of  coming  to  the  surface,  showing  at  intervals  only  the 
head  of  the  periscope  a  few  feet  above  the  water. 

In  1899  was  launched  the  Narval,  Hit-  designed  by  M.  Laubeuf,  a 
French  naval  constructor.  This  boat  represents  in  an  eminent  degree 
the  type  referred  to  before  as  a  "submersible  ',  which  term  was  first 
introduced  by  M.  Laubeuf  to  distinguish  between  his  ship-shaped  boat 
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and  the  previous  spindle-shaped  boats  built  by  the  French  Government 
which    ,e  called  "  sous-marins  ".     The  hull  is  double,  consisting  of  an 
inner  spindle-shaped  "strength  hull"  of  heavy  construction,  calculated 
to  resist  the  maximum  pressures  of  the  water,  and  a  light  outer  ship- 
shaped  hull  which  complttely  envelops  the  inner.    The   shape  of  the 
aft-body  resembles  that  of  a  Thornycroft   torpedo   boat.     The  space 
between  the  two  hulls  is  used  chiefly  for  water  ballast,  wheiu  o  a  very 
great  re^-rve  buoyancy  may  be  obtained.     It  was   found   difficult   at 
hrst  to  fill  the  tanks  in  a  complete  manner;  whence  shifting  of  air- 
bubbles  were  apt  xo  cause  violent  changes  in  the  longitudinal  balance 
o    the  boat,  and  the  vertical  steering  was  disturbed.    Also  the  filling 
o   the  tanks^ took  nearly  one-half  hour,  much  too  long  for  immersing 
the  boat  when   in   the  presence  of  an   enemy.     These  defects  were 
aftenvards  remedied  in  the  Narval  and  were  avoided  in  later  boats  of 
this  type.     ThoAarval  was  driven  by  steam  in  the  surface,  where  she 
made.^kts.    The  boilers  used  oil-fuel.     Under  water  she  was  driven 
by  electric  power  and  attained  a  speed   of   8  kts.    She  carried  four 

tro"  bir^On^t^      h  ,;:'''*  '""u''^  "''^*''"^'^  ^^"-^  considerable 
trouble.    On  the  whole,  however,  the  Narval  proved  satisfactory  and 

was  the  type  ship  for  a  great  number  of  following  boats.     Other  types 

of  submersibles  which  have  later  been  developed,  such  as  the  GermaS 

and  the  Laurenti  types,  are  derived  from  the  Laubeuf  boats 

In  the  United  States  Mr.  John  P.  Holland  worked  with  great  per- 

?hTfirT  ^ZV"""^""  ''^  ^'^''  ""^  ''"•'*  ^^-^^^l  experimental  boSs. 
The  firs  .which  was  very  primitive,  being  worked  by  hand-power  was 
launched  in  1878.  Finally,  through  the  agency  of  the  Holland  TorMo 
Boat  Company   he  succeeded  in  producing  a  boat  that  was  accepted 

«oW  was  ?i  tons;  it  was  cigar-shaped  with  but  a  small  superstructure 
on  the  top  and.  consequently,  had  very  little  stability  inVhe  surface 
condition.  The  reason  of  the  success  of  this  boat  was  the  use  of  TJZ- 
line  engine  for  surface  work,  combined  with  a  storage  battery  for  the 
ubmerged  condition.  Holland  first  tried  steam-power  but  fTilS  and 
the  gasoline  motor  which  had  just  then  been  developed  to  a  pracdcable 
shape  was  here  used  for  the  first  time  in  submarine  Cts.  T^e  glSne 
engine  had  se^.ral  great  advantages;  it  occupied  relatively  smaU Tpace 
and  did  not  produce  so  much  heat  as  a  boiler  and  steam  engine-  it  con 
sumed  very  little  fuel  so  that  a  great  radius  of  action  could  £  obtain^ 

8  kts'rr      "^""'""ru  "?  °'  .^^  "•^-  ^"^  «^-  ^"^  boat  a  sSli 
8  kts  on  the  surface.    The  electric  motor  was  of  about  the  sameTwer 

and  drove  the  boat  with  a  speed  of  6  kts.  under  water.    A  novekv  fn 

this  boat  was  the  way  .n  which  diving  was  effected.    Contrary  to  earlil? 
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experimenters  who  held  that  the  axis  of  the  boat  ■^houIH  as  (ar  as  possible 
be  kept  horizontal,  Holland  boldly  effected  immersion  and  emersion 
by  "poriKjisiiig",  i.e.,  by  inclining  the  axis,  sometimes  to  great  angles, 
using  the  horizontal  rudder  fitted  in  the  stern.  This  method  of  con- 
trolling the  vertical  motion  proved  satisfactory*  although  not  without 
danger,  for  it  has  happened  that  boats  of  the  Holland  type  took  deep 
involuntary  dives.  Holland's  experiments  showed  the  great  importance 
of  keeping  the  ce.  e  of  gravity  immovable  and  of  compensating  for 
all  changes  in  buoyf.ncy. 

The  Holland  tvpe  was  reproduced  in  the  I'nited  States  Navy  in 
the  Adder  Class  and  following  types  and  in  England  Vickers  commenced 
building  the  A-class  for  the  British  Navy. 

During  the  "nineties"  another  American  Mr.  Simon  Lake  constructed 
several  experimental  boats,  and  evolved  a  type  of  which  the  Protector, 
Hits.,  built  in  1901-2,  was  the  first  representative. 

The  Protector  belongs  to  tha  submersible  .ype,  having  a  ship-shaped 
superstructure  and  a  reserve  buoyancy  in  the  light  condition  of  about 
28  per  cent,  of  the  light  displacement.  Diving  and  emersion  takes 
pluce  as  in  the  Gustave  Zidi  by  four  horizontal  rudders,  the  boat  being 
always  kept  nearly  on  even  keel.  Mr.  Lake's  first  idea  was  to  produce 
a  boat  suitable  for  salvage  operations  and  the  like,  and  he  for  this  pur- 
pose fitted  wheels  forward  and  aft  hung  by  pivoted  steel  jaws  fitted 
in  pockets  in  the  bottom  and  cushioned  by  hydraulic  cylinders.  These 
wheels  enabled  the  boat  to  run  along  on  an  even  bottom  with  a  slight 
deficiency  in  buoyancy.  The  means  of  propulsion  are  the  same  as  in 
the  Holland. 

MODERN   BOATS. 

The  early  development  of  submarine  boats  was  groping  and 
erratic,  the  "eighties"  and  "nineties"  was  a  period  of  experimentation, 
resulting  in  a  great  variety  of  types,  but  after  about  the  year  1900  boats 
entered  into  actual  military  service,  with  the  result  that  an  elimination 
of  the  less  practicable  features  took  place,  and  there  followed  a  move- 
ment towards  a  unification  of  type.  At  the  same  time  the  nautical  and 
military  requirements  led  to  a  steady  increase  in  displacement  and 
power.  Great  progress  was  made  in  perfecting  the  various  technical 
appliances.  We  shall  now  briefly  describe  recent  types  of  boats  so  far 
as  their  various  features  have  been  made  public. 

In  the  British  Navy  the  Holland  type  was  gradually  modified  con- 
siderably. The  ratio  of  length  to  diameter,  which  in  the  A-class  was  about 
5}^,  was  much  increased.  Later  boats  were  given  large  side  structures 
patched  on  outside  the  spindle-shaped  strength  hull,  the  object  being 
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probably  to  gain  greater  lank  volume,  greater  stiffness  in  the  surface 

heFc;:  '^^'l^r'VT  ^'^-'"^^  '^""'^'°"-     "^'^  displacement    ; 
he  K-class  ,s  U,ts.  and  ,n  ,he  six  boats  of  the  F-class  laid  down  in  ign 

U  reaches  ,  -ts.an.i  the  speed  is  i;kts.    No  data  are  known  a^ut  ater 
boats,  but  they  arc  probal,ly  larger  and  more  powerful 

n  the  United  States  the    Klmric   Boat   Company  develooed   the 

"t^t.'^';  ,af'"? "  ^r  r^'^^^ ''-' "  -''--««'  ^•^^-'n 

800  ts.  A  larger  boat  ,.f  alxiut  1200  ts.  displacement  is  to  be  laid 
down  th.s  year.  The  price  of  this  boat  is  ,J  n^illion  dollars  The 
spc^  acconhng  fo  press  reports  is  to  be  fvkts.     The  reserve  buoyancy 

tm 'ofll '"'""  """-""  '■"''"'  '"^  ^"^^  ^^'^^-''y  increas:d  and  ;£ 
form  of  the  superstructure  ,s  now  ship-shaped  in  the  bow. 

Finn.      T.     r   '■^^':  Y  ''"'"  ^^"P^*^  ^''^  by  the  Whitehead  firm  in 

^:r.  ^:x^i:'' ""''''-'  ^°-  ^^  ^"""-  -  that  era: 
carSrti;;^^::r r;j::^:S:sSr^ '-  -- '-  ^•^  ^ 

Th!ll'^"'^  ^  ^'''*':  differentiation  took  place  than  in  other  navies 
The  two  mam  types,  the  submarine  and  the  submersible. co-existS  and 

":  ^X^'lf;'"'"'""*'""^'^'  ^".«^^--  ^'--  but  .raduall^  appt^  ^1 
each  other.     After  the  comparative  trials  in  ,908  between  submarmes 

ti       h      7        '''"  '"^  -"bmersibles  of  the  Pluviose  class  it  Z^ars 

astM^rt"  I-"".'  "'"  *'*"°'"'"  ''''""'''"'^-    '"  '^^  boats  laid'dTn 
last  \ear  the  displacement  is  ,VAts. 

In  Italy  submersibles  of  the  Laurenti  type  have  been  develooed 
They  have  the  same  principal  features  as  the  Laubeuf  boats  of  £ 
the    may  be  considered  a  variety,  but  differ  from  them  in  some  reslcts 
The  strength  hull  ,s  not  always  circular,  although  in  later  Lats  thU 
seems  to  be  the  ca^.    Some  have  horizontal  profilers  for    ubme  Jn^ 
Some  recent  lK,ats  haxe  three  propellers  for  prop^sion.        '"^•"^'«"'«- 

at  ine  end.     Only  ono  ,„,„„al  tank.  uskI  for  compensatins  for  inc  fenl,! 

iTTz  '"Trsr.^r  """t"""-  •''"■  •»"'  '•^' »""«  » 
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II.  A  Discission  of  the  Principal  Featirks  of  the  Desk.n  ok 

SiBMARiNE  Boats. 


SUBMARINES    AND    SUBMERSIBLES. 

The  "submersible"  has  already  been  defined  as  a  submarine  lK)at 
in  which  predominant  importance  is  given  to  the  re<iuiri-nitnts  of  siTxiie 
in  the  light  condition,  while  the  "submarine"  is  designitl  more  particu- 
larly with  regard  to  the  submerged  condition.  Hence  the  ship-sh.iped 
form  of  the  submersible  and  the  spindle-shai)ed  form  of  the  sul)niarine. 
The  external  ship-shaped  form  of  the  submersible  is  however  attainwl 
without  abandoning  the  advantage  of  the  circular  section  wliich  is 
maintained  throughout  an  inner  spindle-shaped  "strength-hull", 
because  it  is  the  form  best  adapted  to  resist  the  pressures  of  the  water. 
Between  the  inner  and  the  outer  shell  are  water-ballast  tanks  and  oil 
tanks,  whence  the  strength  hull  may  be  of  small  diameter  well  suiti-d 
to  resist  great  pressures  without  going  to  excessive  scantlings.  The 
outer  hull,  not  being  exposed  to  great  pressures,  may  be  lightly  built 
and  will  yet  in  some  measure  protect  the  inner  hull  against  damage  by 
collision.  At  the  same  time  the  ballast  and  oil  tanks  may.  with  a  rela- 
tively small  addition  in  hull  weight,  be  made  very  large,  whence  a  great 
reserve  buoyancy  and  great  radius  of  action  can  be  secure<l.  In  a  sub- 
marine the  tanks  are  chiefly  inside  the  strength  hull  and  cannot,  there- 
fore, be  very  large  without  unduly  increasing  the  diaineter  of  the  hull 
and  hence  its  tendency  to  collapse. 

Speaking  broadly,  the  submersible  has  better  seagoing  qualities 
and  a  higher  speed  on  the  surface  than  the  submarine,  but  the  form  is 
not  so  favorable  for  driving  under  water.  Most  early  boats  were  sub- 
marines. It  was  natural  that  inventors,  especially  those  not  acquainted 
with  the  requirements  of  naval  service,  should  direct  their  eflforts  esjx-ci- 
ally  to  navigation  under  water  and  that  they  should  underestimate 
the  importance  of  qualities  required  for  work  on  the  surface.  At  present 
the  general  trend  of  the  development  is  towards  the  submersible  type. 
Of  recent  years,  therefore,  the  submarine,  where  it  is  still  retained, 
has  approached  more  and  more  to  the  submersible  by  an  enlargement  of 
the  superstructure,  which  at  the  same  time  has  been  given  a  more 
ship-shaped  form.  In  English  submaanes  side  structures  have  l)ecn 
added.  The  reserve  buoyancy  in  the  early  submarines  was  only  alwut 
5  per  cent,  of  the  light  displacement,  but  has  been  gradually  increased 
to  about  18  or  20  per  cent.  In  submersibles,  on  the  other  hand,  the 
reserve  buoyancy  has  been  reduced  from  about  72  per  cent,  i  the  Narval 
to  about  35  per  cent,  or  less  in  recent  boats. 
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The  submersible  has  a  rather  high  centre  of  gravity  and  in  submerged 
condition  a  low  mctacentre  (centre  of  buoyancy),  and  hence  small  stiff- 
ness on  account  of  the  high  position  of  the  ballast  tanks,  while  in  the 
surface  condition  the  stiffness  is  in  some  cases  excessively  great 
owing  to  the  large  area  of  the  water-line.  The  submarine  has  a  lower 
centre  of  gravity  and.  due  to  the  low  lying  water  tanks,  it  has  a  high 

^low  r  r  ^'^^Laurent.  type,  where  the  ballast  tanks  are  partly 
below  the  strength  hull  partly  above  or  very  high,  are  intermediate 
between  the  Germania  and  the  Holland  type  in  this  rcs^i 

In  order  to  obtain  sufficient  stability  in  the  submerged  condition 
submersibles  must  generally  carry  a  considerable  amount  3  keel-ballast 
Th  s  of  course  .s  a  drawback,  but  also  most  submarines  carry  some 

tlAvht^tH       '^^  ^ '^^  «°  •"  <^-e  of  emergency.    In  passing  from 
the  hght  to  the  submerged  condition  and  vice  versa  a  point  will  exist 

IZ  n  thlt  L's  •^^rr."'"'  '-•"^  -d-«l  by  the  J^esence  IfTe 
water  m  the  tanks.    The  designer  must,  therefore,  carefully  determine 
he  conditions  of  stability  in  all  intermediate  positions  I  o  de"  to 
fthe'sf Tt.        "'  I  '"■°^'  --^acentric  height  is  always  maintaineS^ 

si^lh         ?  ^r^""  ^l  ^"^  '^•"^  '^^  ^^'  -"^y  heel  over  to  a  con- 
siderable angle  before  equilibrium  is  restored  or  may  even  capsize. 

stpength  of  hull. 
The  hull  of  a  submerged  vessel  is  exposed  to  an  external  water 

Svaradenth''r''/".'""'°"^'   *°  ^"^  ''^^'^  of  immeTsS^' 
Alrear  y  at  a  depth  of  200  ft.  the  pressure  is  about  100  lbs.  per  sq   in 

and  since  the  depth  of  water  in  the  ocean  is  generally  more  tEnTo  ^ 

ft    boats  cannot  be  constructed  to  withstand  the  priures  at  all  deX 

which  they  may  encounter.    It  is  therefore  necessary  to  assign  a  Hmit 

to  the  pressure  head  which  a  boat  is  required  to  resist.     Gene  aZ 

boats  will  have  no  reason  to  go  deeper  than  required  to  clear  the  littom 

o  vessels  on  the  surface,  that  is  to  a  depth  of  about  75  ft.,  but  acddin" 

a^ly  they  may  descend  involuntarily  to  greater  depth     Usually  the  head 

to  which  submarine  boats  are  tested  is  about  ,50  ft.,  although Tnime 

aon hi  '\u  '""'''  "'  '°°  ^'-  ^  «^'^"  -"^^P"  ot  safety  is  of  co^r^ 
apphed  m  the  construction,  but  if  the  boat  goes  much  beyond  itT"^ 
depth  it  IS  haMe  to  collapse. 

Th/"\^?eht?  t"f""^^  ^f  "  °^  ^''■^"'"^  ^*'°"  ^^  stated  above. 
Ihe  Whitehead  boats  and  other  boats  of  the  Holland  type  have 
^ternal  frames.  As  seen  from  the  midship  section  of  the  DaS  Sit 
Havmanden,  the  Whitehead  boats  in  some  cases  have  ov^  t:ti^n 
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even  amidships,  because  this  form  is  cx>nvenicnt  for  boats  designed  for 
operating  in  shallow  water.  Some  boats,  such  as  those  of  the  Germania 
type,  have  no  frames.  Other  boats  such  as  those  of  the  I.aurcnti  type 
appear  to  use  the  framework  between  the  inner  and  outer  hull  as  a  means 
of  stiffening  the  strength  hull. 

STEERING  AND  NAVIGATION. 

Steering  in  a  horizontal  direction  takes  place  as  in  ordinary  vessels, 
but  steering  in  the  vertical  plane  has  caused  many  difficulties  to  early 
inventors.  As  late  as  1901  a  German  authority,  Professor  Busiey, 
deprecated  the  value  of  submarine  boats  on  that  ground.*  Mr.  Holland 
introduced  diving  and  emerging  by  inclining  the  boat  at  considerable 
angles,  while  most  other  inventors  preferred  to  keep  the  boat  as  nearly 
as  possible  on  an  even  keel  and  to  effect  great  changes  in  depth  by 
pumping  water  in  or  out  of  the  boat,  by  means  of  horizontal  propellers, 
or  by  so-called  "hydroplanes".  The  last  method  is  that  which  at  pre- 
sent is  mostly  used  in  submersibles.  Hydroplanes  are  similar  to  rudders — 
sometimes  fitted  amidships  abreast  of  the  centre  of  gravity  of  the  Ixiat, 
sometimes  placed  forward  and  turned  the  same  way  as  the  aft  rudders. 
In  all  cases  the  object  is  to  obtain  an  upwards  or  downwards  force  driving 
the  boat  laterally  up  or  down.  This  method  is  generally  considered 
safer  than  the  "porpoising"  used  in  the  Holland  boats.  Once  the 
desired  depth  is  attained  it  is  preserved  by  using  the  horizontal  rudder 
in  the  same  way  as  when  steering  a  course  on  the  surface,  but  with  this 
difference,  that  even  small  deviations  from  the  given  course  line  (depth) 
are  not  here  permissible.  For  guidance  in  steering  a  depth  gauge  and 
a  clinometer  are  used.  Steering  in  the  vertical  plane  requires  consider- 
able skill  and  experience. 

In  order  to  navigate,  the  submarine  boat  must  be  provided  with  a 
reliable  compass  and,  even  when  submerged,  a  view  of  the  horizon  must 
be  obtainable  at  any  time.  An  ordinary  magnetic  compass  is  not  quite 
reliable  even  when  placed  in  a  conning-tower  of  bronze,  but  recently 
the  advent  of  the  gyroscopic  compass  has  provided  a  means  of  accur- 
ately determining  the  direction.  The  faculty  of  vision  when  the  boat 
is  submerged,  as  it  must  be  when  making  an  attack,  constitutes  one  of 
the  most  important  and  difficult  problems  connected  with  submarine 
boats.  The  water  is  practically  opaque  and  it  was  therefore  nece-sary 
in  early  boats,  when  going  under  water,  to  emerge  from  time  to  time 
so  as  to  obtain  a  view  from  the  conning-tower,  but  evidently  this  mode 
of  navig^'.tion  was  anything  but  safe,  since  the  presence  of  the  boat  was  thus 
revaic    to  the  enemy.    Already  in  the  "eighties"  and  "nineties"  optical 

*Tniutccioii(  of  tl»  InnituUoo  e(  Naval  Architccu,  '.''odon.  1801.  p.  ISS-IW. 
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Jn '^^J'^'h  "'''!?"',T'  ''^  r^'"  ~"«*^"«i°".  invented  by  Mari^  Davy 
•n  1854  and  gradually  perfected.    In  its  simplest  form  the  optical  tuS 
had  a  n,.rror  at  each  end  inclined  at  45"  to  the  axis.    The  tube   bein^ 
fitted  watertight  in  the  top  of  the  boat,  projected  a  foot  or  tw^'aW 
^^ter  when  the  boat  was  immersed  to  a  certain  depth  and  thra  S 
of  a  part  of  the  horizon  might  be  obtained,  but  the  angle  of  vLn  w^ 
only  one  or  two  degrees,  and  the  image  was  very  imperfect.    The  ^rrTrs 
were  replaced  by  prisms.  lenses  were  introduced  and  Sunng  the  "ni^^tTes" 
several  improvements  were  made,  but   not    till   about  ten   years  aL 
was  any  ^„o„,  progress  made.    Then  in  a  few  years  the  optfcTtui 
or  the     periscope"  as  it  ,s  now  usually  called,  was  developed  to  a  high 
degree  of  perfection,  enabling  the  submarine  boat  to  peZm\ua£ 
w^hout  showing  anything  but  the  top  of  the  perisco^  occasional^ 
above  water,  at  the  same  time  obtaining  a  perfecV  view'^fThe  eZ' 

^o^Sr"^  ^^"  'k'  '"''  '•"''  '■"  '^'  '^^^"^  «^  inventions  which  t7e 
needed  to  give  to  the  submarine  boat  positive  military  value  The 
improvements  in  the  periscope  comprise  a  larger  field  of  Lon  soannTn^ 
an  arc  of  more  than  50=.  as  large  as  or  greater  than  thl  of  X  human  "ye 
conven-^nce  of  observation,  and  the  addition  of  means  for  mZring 
fsn^I     L";    •"^•^fnK. directions.     The  magnification  of  tTe  ob2 

rSnt-l^n  utt^nT^td^-'r  Byt'^^nr  '''  ''^^ 
n^ents  of  optical  art  and^  scie^^t^:,  iZ:Z:::^::r:C'Z 
and  distinction  is  obtained.     Mechanical  power  is  usTf^  h3r 
IndTot  r''7  '  r>^  '""''^  "P  and'^lol'^eX  an?qS 
23  tt.  with  a  diameter  of  about  6   n.     The  heaH  r.f  ti,»  ♦.  u  • 

rom  15  to  ..  ft.  above  the  superstructure     Sfficu  t  essUlUx^^ 
to  the  vibration  of  the  boat  and  due  to  sprav  on  the  fm?.   T     t 
they  are  of  secondary  importance.    Instrur„U"a  ^b^TLtTucL" 
tu'^^nli.;!".  fr"l-^-  «f  the  horizon  can  be  obtainS  wkhout 
turning  the  tube,  but  have  not  proved  quite  satisfactory. 
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in  case  of  emergency,  even  when  the  boat  is  at  a  great  depth.  The  tinu 
occupied  in  pas'-ng  from  thv  surface  to  the  submerged  comlition  should 
be  not  more  thaii  about  from  4  to  5  minutes.  This,  of  course,  is  a  point 
j)f  great  military  importance.  Since  the  main  tanks  are  always  fille<l 
completely  when  it  is  desired  to  dive,  it  is  necessary  to  fit  one  or  more 
auxiliary  or  regulating  tanks  of  moderate  capacity  to  allow  for  varia- 
tions in  the  specific  gravity  of  the  water  and  for  changes  in  the  weight  of 
the  boat  due  to  consumption  of  provision,  stores,  etc.  The  consumption 
of  fuel-oil  is  roughly  compensated  for  by  admitting  water  to  the  Iwttoni 
of  the  oil  tanks,  which  are  thus  always  kept  completely  tilled.  The 
buoyancy  of  the  boat  in  the  submerged  condition  is  so  adjusttnl  that  a 
small  "reseive  buoyancy"  remains,  leaving  always  a  tendency  to  rise 
to  the  surface.  This  tendency  is  overcome  dynamically  when  the  Ixiat 
is  in  motion  either  by  hydropJanes  or  by  (giving  the  boat  a  slight  down- 
ward inclination  by  the  head. 

Small  tanks,  one  at  each  end  of  the  boat,  permit  an  accurate  adjust- 
ment of  the  trim  (the  longitudinal  balance).  Special  tanks  are  fitted 
for  compensating  for  such  losses  in  weight  as  when  "  torpedo  is  fired  and 
another  is  inserted  in  the  tube.  In  some  boats  a  so-called  "floating 
tank"  is  fitted,  connected  with  a  continuously  acting  pump  which  is 
worked  in  conjunction  with  the  horizontal  rudders;  this  tank  serves  to 
compensate  automatically  for  incidental  variations  in  buoyancy  occurring 
after  the  boat  has  got  under  way,  notably  those  due  to  changes  in 
the  specific  gravity  of  the  water.  A  considerable  amount  of  buoyancy 
can  be  obtained  almost  instantaneously  in  case  of  emergency  by  the 
release  of  the  safety-keels  referred  to  above. 

The  superstructure  which  is  above  water  in  the  light  condition  is 
self-bailing.  In  some  boats  it  is  entirely  and  permanently  ojx^n, 
serving  only  to  provide  a  raised  platform,  but  in  most  boats  it  is  a  water- 
tight structure  provided  with  large  and  numerous  valves  that  can  be 
readily  closed  when  the  boat  is  in  light  condition  whereupon  the  super- 
structure will  add  to  the  reserve  buoyancy  and  the  stability. 

VENTILATION  AND  HABITABILITY. 

Space  is  always  restricted  in  a  submarine  boat.  When  going  on  the 
surface  the  motor  gives  off  much  heal  and  requires  a  great  amount 
of  air  for  its  combustion.  It  is  unavoidable  that  some  of  the  products 
of  combustion,  carbon  monoxide  and  carbonic  oxide,  leak  out  from  the 
engine.  Also  the  men  consume  oxygen  and  produce  carbonic  oxide, 
and  when  charging  the  batteries  free  hydrogen  is  liable  to  be  liberated, 
forming  with  the  air  in  the  boat  an  explosive  mixture.  Where  the  fuel 
is  gasoline  or  other  very  volatile  oil,  it  will  evaporate  at  a  low  tempera- 


that  the  crew  can  live  for  several  hnnr.  ^i.u  '"^^^'  ''"*  '*  »»  found 
or  means  of  purification    %hi    '    T  .°"^  ^"^  "*''*  ''^  ^"  '•^"ewal 

takes  place  froTthrco'pre?^^  1  ir  sTsteV  :,T"'"*  ^^l'^«^  "•''*^'' 
be  entirely  prevented.  H  dSed  the  cTL  '^f  *'""''  ""  "^^" 
accumulates  due  to  exhalation  mavtL^"'^•  **''*^'^  «^*^"^"y 

orthefoulairmay  JpumM^ut  F-sr""*  £  ''^'"'•"'  •"^^"''• 
compressed  air  rtirvdr,      Thrr     •     I  ""  ^  ""PP"*^  ^™'"  ^he 

sorting  to  such  Tans  "a  gre^    r'diSr"'  T''  "^^^^'°"  ^°'  - 

and  poi^nous  fumes  from  thfmoto/a  we  ,  asLm^h^^^^^  °'  'T."'"^ 
IS  no  convenient  test  for  nrhn„  ^         • .        ■  *"*  battery.    There 

boats.  ..,ence  iVht  t.n  neees^rrto  ""  v'  '°'-""  '"  ^"^""^""^ 
the  presence  of  this  pdlnouTS  to  thr^T  .'*'  fV°'  '"^''^^*'"« 
animals  are  verv  sensh^l^    WhV  I       *^^'  °^  *'''^*'  *''^  «"'e 

than  human  bir  and  wil^l  T"  ^u^'^'  '"""*'  '""''^  ^•^"^"''y 
times  as  rapidly  as  LnHenrf  I  ^T/*^"  '"^"^'''^^  ^^"*  twenty 
the  mice  wSllowsTmptot^SdSL^*';^^^^^^^  ^"^  '''--^-• 

ally  when  the  mice' Jome  asph^  iT^s  tim^"""' '."' "^'■ 
surface  and  to  renew  the  air  in  thf^aT  ''''^"''   *°  '''^ 

hatc^sVoS^LTrot^tor  "V.^^  "'"^'"  '"  ^"^  ^^^  ^'^'^  all 

this^rn  ttlVi-nth-ra^lV^'  ^^^^^^'  ^^  ^^^^  ^- 
limited.  The  crew  hL  to  t  ch  L'"  '?^  '^"y  ^''^'^  '^^  ^^^^  '"^  very 
be  given  time  t^ecuirate  a  fact':ti:i  """"'  '"'^"'^'^  °'  '^  '"-' 
practical  endurance  of  he  submaril  t '."  '"'"''  '^^  ""'^  ""''*  ^''^ 
fuel.  As  matters  stand  now  it  mryr^^th.Tr  '''"  ^  ^"^^'^  °^ 
boat  ought  to  be  relieved  afteM^'^rlti'tUtrv- e^  '''"'"'"' 

PROPULSIVE  MACHINERY. 

For  propulsion  on  the  surfarp  fho  o^,»^r 
successful  engine     It  was  uZ  r^      ?^sohne  motor  was  the  first  really 
the  steam  machLry  and  t£  c^mh  "P;"*  'Tf  T''  ^'  ^°'"Pa^«l  ^'tb 
about  one-half  Z^d    '    h  P    hour  '"''""  "^^  "°*  """^^  t''- 

H.P.  hour  for  stTam  mfchi" ry  w.th  «" feSri  "'  ''T  '^  '"•  P^^ 
of  a  displacement  of  from  ,o^  ^  ^  t  the^"''\  ^""'"  ^^*^' 
very  restricted,  the  gasoline  engU^o^^^^e  ^ ^rlr^ut^^^^ 
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dangers  by  this  volatile  oil  s<M)n  made  it  ntTcssary  to  intHxliKP  lu-avy- 
[oil  motors,  althoUKli  they  w^'re  in  several  res|H'its  inferior  to  the  gaMi- 
line  motors.  While  the  latter  are  easy  to  start,  siH;cial  me.iiis  .ire  re- 
quired for  starting  the  former,  and  the  consumption  of  fuel  in  he, ivy-oil 
motors,  as  for  instance  of  the  Koerting  ty|x-,  was  alH>ut  twice  as  great 
as  in  the  gasoline  motors.  The  last  step  in  the  development  was  the 
introduction  of  the  Uiesi-l  engii.e,  which  although  rathi-r  heavy  and 
likewise  burning  heavy  oil,  has  a  consumption  of  fuel  somewhat  less 
than  that  of  the  gasoline  engine.  The  nominal  radius  of  action  of 
recent  boats  of  the  largest  size,  driven  by  Diesel  motors,  is  given  as  from 
3000  to  5000  milL>!i.  The  speed  on  the  surface  has  attained  16  lets,  in 
several  boats  and  the  designed  speeti  in  some  l)oats  now  under  con- 
struction is  18  or  20  kts. 

The  Diesel  engine  is  thi-  motor  which  to-day  finds  most  favour  in  sub- 
marine boats,  but  with  the  increasing  size  of  boats  and  the  claims  to 
higher  speed  it  becomes  increasingly  difficult  to  protluce  nuUors  of 
sufficient  power.  Units  of  from  800  to  1200  H.P.  are  under  construc- 
tion and  there  are  usually  two  and  in  some  lK)ats  three  propellers.  Many 
diflficulties  are  met  with  and  failures  have  cxcurred,  whence  steam 
power  has  been  preferred  in  some  b')ats  as  for  instance  in  the  French 
submersibles  Gustave  Zidi  and  Ncreule  of  1000  ts.  displacement,  which 
are  to  make  20  kts.  Steam  machinery  has  the  advantages  of  reliability 
and  durability,  but  it  occupies  much  space  and  the  problem  of  getting 
rid  of  the  heat  is  difficult  to  solve.  The  radius  of  action  obtainable 
with  steam  power  on  a  given  weight  of  fuel  is  much  smaller  than  with 
Diesel  motors. 

\  he  weight  of  Diesel  engines  as  fitted  in  submarine  boats  is  about 
65  lbs.  per  H.P.  as  compared  with  alxiut  50  lbs.  ,■<  r  HP.  for  gastjline 
engines  and  from  50  to  60  lbs.  per  H.P.  for  steam  machinery  inclusive 
of  propellers  and  shafts. 

For  under-water  propulsion  electric  power  derivetl  from  a  storage 
battery  of  lead  accumulators  still  offers  the  best  solution.  Since  the 
first  appearance  of  these  cells  they  have  l>een  improvcjl  upon  in  many 
technical  details,  and  are  now  reliable  and  durable.  They  will  stand 
complete  charging  and  discharging  more  than  400  times,  and  under 
ordinary  peace  service  conditions  if  carefully  handletl  they  may  be 
expected  to  last  about  5  or  6  years.  The  weight  per  H.l'.-hour  includ- 
ing outfit  is  by  discharge  in  3}-^  hours  about  80  lbs.,  practically  the 
same  as  in  early  accumulators.  Lead  cells  permit  great  variations  in 
power  and  are  at  their  best  at  low  rates  of  discharge,  a  most  valuable 
quality  for  submerged  work.  They  can  be  stowed  low  in  the  boat  and 
add  thus  considerably  to  the  stability.      They  occupy  about  0.4  cb.  ft. 
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are  about  ,o  per  ce!;rii;htTbut  c^u^vT^  «'~"'"'^'''^'  ""* 
Bpace:  they  cannot  be  «,  rapidly  diXreed  L  th  .  ^'^^  ""*  """^ 
They  cost  more  than  three  tim^  armu^h  h  ♦  **''  accumulators, 
appears  that  recently  imp^vements  h"ve  L„  m'ad'  '"T^""'''-  »» 
are  claimed  by  the  ma£;r8      Pr^rtS-  T         •      ^"^  *"**  **"«'  '«•"'»« 

determine  the 're.atrve"m!::."uof^hrcl.ir'""  '"''  ^'^  '^''"^  ^° 

smara^nLr;irre"tt^  ''n::!;^  '""^"«'  •« "— ^'y 
hours.  Recent.;;  ^Thrb^rd^ij^'j  At^^.r-^r '  7-  ' 

n.orItSrntlt\tti«ttlrr"-  7P"'«^-  ^»  ^''e 
very  small  as  compared  with  that  T^i-       '  P'°P"'«°n  »  already 

reason  for  this  is  th^tlhe  hd.  wdg  "  .WxT-Sner^'^*""     '^'"^ 
about  20  per  cent   morp  nf  tK»  »  ♦  1  j-    f  *''*'*™«y  great,  occupying 

torpedo-b^t.  "^•.y'aLt    o'J^  t'^^Xd-  ?"  '"  ^"  "''^^^^ 
marine  boat  can  be  devoted  tn^oK-         *••* '^''P'acement  of  a  sub- 

50  per  cent,  in  a  tortio-taT    Ma^:!^  "u^  ^f '  ^  '*^"«  «»«"» 
propulsion  comes  asTTxtrTadd.^on    T  "^^  t""'  ^°'  underwater 

submarine  boat,  can  never  c^np^t^th  tonLrF^If  *''^'*'°^^'  ^"^^ 
radius  of  action.  "'mpete  with  torpedo-boaU  as  to  speed  and 

be  u''JLtrn\r  s'SKt^rbm^^^^^  T  "^  '"^'^''-^  ^"^^  - 

the  propulsion  under  wat?rdlnoT''^r"'' ""^^^^ 
satisfactory  solution  hafyet^^^^tS"  a"'''  ""'«"*'  *'"*  "° 
combustion  involves  the  stora^nf  °,*^'"'^-  .  ^nv  process  based  on 
storage  of  these  galfn  suS^t  auan7v''\'"'  "1  °'  "''y«^"'  l'"*  ^ 
requires  excessive  weigJt  aS^snl^  T'^i^'u""'^'""^'"'  P^°P"'«'°" 
ofcc^mbusrionisliabletrrvlirpri^^^^^^^^^  the  pr«iucts 

Kren^htut::;;  L^SrC'andtr^tr  f  '^^  ^^  ^"  ^"^ 
He  uses  an  ordinary  bd  e/,^th  J?  7*^"^  ^'^  '"  «  German  boat.* 

race,  but  when  thTb^'Svr'unlltrthV^r  ?^"^  °"  ^''•^^"^• 
a  concentrated  lye  of  sodic  hydSe  (NaHQ)  J^^^  '"^  '° 
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{the  boAt  comes  to  the  surface  and  steam  is  available  from  the  primary 
[boiler,  the  soda  lye  may  again  be  conccntratwf  by  evaporation  of  the 
[water  which  it  has  abt<orf)C(l,  and  the  lioat  i»  ready  fur  .imither  siil>- 
merged  run.  This  plan  offers  the  advantages  that  there  in  no  rhangr 
of  motor,  the  same  engine  being  used  under  water  as  on  the  surface. 
and  there  are  no  products  of  combustion.  The  machinery  «an  I,  forcnl 
without  difficulty  and  relatively  high  (wwer  attained  Ixith  in  light  and 
submerged  condition.  No  electric  motor  is  necde<l.  (hi  the  other  hand, 
the  system  requires  the  addition  of  special  soda-ltoilerM  and  a  h<it  water 
reservoir;  the  plant  occupies  so  much  space  that  the  available  weight 
cannot  be  fully  utilised;  the  centre  of  gravity  of  the  machiner>-  is  high 
and  requires  extra  ballast  to  be  carried;  the  radius  of  action  on  the 
surface  is  necessarily  smaller  than  with  an  explosion  motor;  there  is 
likely  to  be  a  strong  corrosion  due  to  the  soda,  and  isolation  fur  heat 
will  probably  cause  difficulties.  The  soda-boiler  plant  appears,  how- 
ever, more  promising  than  other  powtr  plants  so  far  proposed  for  this 
purpose. 

ARMAMENT. 

The  principal  armament  of  submarine  boats  is  the  Whitehead 
torpedo.  English  boats  of  the  F-class  are  said  to  carry  six  3i  in.  tulx>s 
and  French  boats  of  the  latest  type  eight  tubes.  Recently  large  sub- 
marine boats  have  been  equipped  with  an  armament  of  light  guns  in 
disappearing  mountings.  L^ter  English  lioats  carry  two  3-in.  guns  so 
mounted  that  they  can  be  used  against  air-craft  as  well  as  against 
other  vessels.  When  not  in  use,  the  guns  and  mounts  are  housed  in 
the  superstructure. 

Attempts  have  been  made  to  design  mine-laying  submarine  lx>ats, 
a  problem  which  is  evidently  of  considerable  interest.  As  far  as  known, 
Russia  is  the  only  power  that  prior  to  the  war  had  built  a  boat  for  this 
purpose,  viz.,  the  Krab,  designed  for  dropping  mines  when  in  surface 
condition.  A  boat  so  designed  that  mines  could  be  dropped  when  in  the 
submerged  condition  would  be  of  greater  value,  but  there  arc  technical 
difficultier  in  releasing  mines  under  water,  in  compensiiting  for  'heir 
weight  and  in  determining  their  exact  location. 


SIGNALLING. 

The  faculty  of  communicating  \«'ith  other  vessels  whether  on  the 
surface  or  submerged  is  one  of  great  military  importance  for  the  sub- 
marine boat.  For  service  on  the  surface  wireless  telegraphy  has  been 
suix:e8sfully  used  for  several  years,  but  for  submerged  service  it  is  only 
(|uite  recently  that  means  of  signalling  has  l)een  devised  which  seem  to 
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promise  Rood  rwults.  It  was  at  first,  whi-n  the  submarinf  Ml  wan 
invcntfil,  attcmptwl  to  use  it  for  siKnallinK.  but  it  was  found  that  it 
was  not  well  suitwl  for  st-nding  messanis  by  the  Morst>  system.  No 
practicable  solution  was  discovere«i  till  an  Austro-HunRuria:!  i)l  ysicist, 
Mr.  H.  r.  BcrKer,  showe<l  the  way  by  his  exiHrinunts  undertiikcn  in 
the  Danulx"  at  Budapest  on  the  transmission  of  lonKitudinal  \ibration» 
through  water.  A  wire  of  2  in.  in  diameter  was  set  into  vibrations  by 
the  friction  of  a  h;unl-driven  silk-whi«  I  moistenetl  with  alcohol  whereby 
a  clear  and  sustainwl  note  was  produce<l,  capable  of  Ix-inR  sent  in  dots 
and  dashi-s  of  the  Morse  cmle.  The  wire  was  fastene<l  to  a  plate  in 
cont.K  t  with  the  water,  and  was  anchoretl  at  the  other  end  to  some 
fixture,  but  the  tension  of  the  wire  was  immaterial.  The  identical 
app.»ratus  useil  by  Berger  was  fitted  in  one  of  the  Unitetl  States  sub- 
marine lM)at8  in  1911  and  readable  signals  were  transmitted  over  a  range 
of  two  miles.  Still  better  ri-sults  were  obtained  with  steel  riblwns  and 
power-'lriven  exciters,  by  means  of  which  distinct  signals  were  trans- 
mitted over  a  distance  <if  10  miles.  Recently  electrically-worked  oscil- 
lators, inventwl  by  Profes.sor  R.  A.  Fessenden,  have  Ix-en  used  instead  of 
the  wire  riblwns  and  have  given  very  promising  results.  This  mode  of 
signalling  is  sometimes  referred  to  as  the  "  submarine  wireless  system  ",  but 
it  must  Ik-  distinctly  understfKxl  that  the  transmission  through  the  water 
takes  place  entirely  by  S4iund  waves  emanating  from  a  diaphragm 
plate  which  may  be  part  of  the  ship's  side.  The  receiver  is  a  similar 
plate  in  another  ship  similarly  connected.  This  appliance  is  now  being 
developed  by  the  Submarine  Signalling  Company  of  Boston  and, 
apparently,  with  considerable  success. 

safety,  salvage,  and  transportation. 

As  a  consequence  of  the  numerous  and  serious  accidents  which  have 
befallen  submarine  boats  of  recent  years,  much  has  been  done  to  increase 
the  safety  of  this  craft.  The  hull  is  subdivideil  more  minutely  than 
formerly  by  bulkheads  of  sufficient  strength  to  withstand  the  maximum 
water  pressure.  A  buoy  provided  with  telephone  connection  is  fitted 
in  the  superstructure  and  can  be  sent  to  the  surface  in  case  of  emergency, 
enabling  communication  to  be  established  with  the  outside  world. 
In  some  boats  the  men  are  provided  with  diving  suits  and  helmets, 
enabling  them  to  escape  or  to  remain  for  a  longer  time  in  the  boat  when 
it  is  flooded.  Great  precautions  are  taken  to  prevent  the  fumes  from 
the  storage  battery  from  entering  the  working  rooms  of  the  boat.  The 
battery  is  in  many  boats  placed  in  an  entirely  separate,  airtight,  wcil 
ventilated  compartment.  Vessels  of  special  type,  "salvage  docks", 
are  built  for  the  purpose  of  raising  the  boats  when  they  have  sunk  to 
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the  lx)ttom  in  damagc«i  condition.     ShackU-w  an-  fittt-d  on  tho  top  «»( 
the  lM>ats  for  this  purpow 

Spt'cial  vttwtels  are  constrmtiHl  aim)  for  tlie  tran»|K>rtation  of  suli- 
marine  ImkiIs. 

SIZE. 

Fmm  the  moment  that  submarine  lioats  were  taken  into  practical 
••ervice,  claims  to  increase<l  seagoinn  tapaliility.  speitl,  radius  of  action, 
and  letter  living  conditions  on  l)oard  were  advancecl  by  the  naval 
officers.  These  claims  could  Ik?  Ih-sI  met  b>  an  incre.»si>  in  si/e  and  we 
can  understand,  therefore,  that  size  has  steadily  1ncreas.1l  ever  since 
the  beginning  of  the  century.  Boiits  were  then  less  than  100  ts.  fully 
submerged  and  are  now  being  built  of  ,  H)ut  i2»xi  ts.  displan  ent.  The 
reason  why  the  displacement  has  not  .acreastHi  much  fasur  is  chiefly 
the  difficulty  of  providing  motors  for  propulsion  of  sufficient  [miwit. 
By  an  increase  in  size,  moreover,  the  l)oats  U'come  more  difticult  to 
handle  under  water,  especially  where  the  depth  is  sm.ill.  but  probably 
this  difficulty  would  be  of  secondary  importance  for  <Kean-Koinn  Iniath, 
should  such  boats  become  a  reality.  The  high  cost  of  large  Ix.ats  will 
put  an  early  limit  10  their  numl)er,  the  price  per  ton  being  almost  three 
times  as  high  as  for  battleships. 

MILITARY  VALUK. 

The  great  military  value  of  submarine  boats  has  Ixvn  demonslrateil 
in  the  present  war.  At  the  present  stage  of  dc\elopment  submarine 
boats  afford  not  only  the  best  means  of  de'  ce  of  our  own  harl)ors  .md 
coasts,  but  may  be  used  also  for  offensive  purposes  in  the  o|K-n  sea  and 
on  the  coasts  ot  an  enemy  up  to  a  distance  of  some  five  hundrinl 
miles  from  their  base.  The  large  l)oats  of  alxjut  1200  ts.  displacement 
now  under  construction  probably  have  a  still  greater  railius  of  action. 

A  peculiarity  of  the  submarine  boat  is  its  faculty  to  carry  out  an 
attack  with  relatively  small  risk  once  it  has  gotten  Uo  iMjsilion,  in 
which  respect  it  differs  radically  from  the  ordinary  torja-do  boat  which 
must  always  be  prepared  for  great  and  almost  unavoidable  sacrifices 
in  order  to  carry  out  a  successful  attack.  The  greatest  difficulty  with 
a  submarine  boat  is  to  bring  it  into  position  for  attack. 

The  future  development  of  the  submarine  boat  is  likely  to  be 
steady  but  slow.  In  the  meantime  it  is  probable  that  also  the  means 
of  attack  and  defence  possessed  by  the  battleships  against  submarine 
attack  will  progress.  Evidently,  the  first  point  for  the  battleship  is 
to  detect  the  submarine  boat.  Once  detected  before  it  has  reached 
within  striking  range  the  submarine  boat  can  generally  be  avoided. 
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because  its  speed  under  water  is  so  slow  relative  to  that  of  the  battle- 
ship. The  detection  of  a  submerged  boat  is,  however,  a  difficult  matter, 
the  only  visible  point  being  the  head  of  the  periscope,  which  needs  to  be 
shown  above  the  surface  only  from  time  to  time.  In  still  water  the 
periscope  is  fairly  visible  by  the  wake  which  it  makes  on  the  surface 
when  emerging,  but  in  rough  and  misty  weather  it  is  extremely  difficult 
to  detect.  Detection  from  air-craft  is  under  certain  circumstances 
fairly  easy  and  this  mode  seems  to  promise  a  great  deal.  When  the 
periscope  is  discovered,  it  will  be  at  once  subject  to  a  hail  of  projectiles 
from  light  guns,  and  if  it  is  hit  the  boat  will  be  blind  and  helpless.  If, 
after  that,  the  boat  shows  its  conning  tower  above  the  surface,  it  will 
generally  be  exposed  to  destruction  by  artillery  fire. 

Seaplanes  or  other  types  of  air-craft  may  possibly  become  a  dangerous 
enemy  of  the  submarine  boat  not  only  in  helping  to  detect  it  but  also 
by  direct  attack  with  bombs.  When  the  boat  is  submerged  it  is  quite 
helpless  against  bomb  dropping.  Even  very  light  bombs  are  likely  to 
prove  destructive,  and  since  the  air-craft  is  in  no  danger  of  counter- 
attack from  the  submarine  boat,  it  can  go  very  low  and  hitting  should 
not  be  a  difficult  matter.  The  submarine  boat  cannot  even  observe 
;:  seaplane  when  immediately  over  it.  A  further  development  of  the 
seaplane  is,  therefore,  likely  to  prove  extremely  dangerous  to  the  sub- 
marine boat.  Numerous  small  patrol-boats  property  equipped  for 
attacking  the  submarines  with  gun,  ram  and  other  weapons  are  likely  to 
prove  effective  in  the  vicinity  of  the  coasts. 

While  the  active  or  offensive  means  of  defence  are  in  this  case  as 
elsewhere  the  most  effective,  the  battleship  possesses  means  of  defence 
of  a  passive  nature  such  as  watertight  subdivision,  elastic  bulkheads 
and  underwater  armour,  which  may  be  still  further  developed,  but 
experiments  and  war  experience  are  required  to  throw  light  on  the 
problems  involved.  The  superior  speed  of  battleships  is  of  course  in 
itself  a  means  of  protection.  On  account  of  the  present  limited  range 
of  submarine  boats  and  perhaps  especially  on  account  of  the  limit  to 
the  endurance  of  the  personnel,  they  do  not  render  the  powerfully  armed 
and  well  protected  artillery  ships  superfluous.  Large  seagoing  battle- 
ships and  battle  cruisers  are  yet  required  in  order  to  control  the  ocean, 
but  as  matters  stand  now,  the  smaller  enclosed  seas  such  as  the  Baltic! 
the  North  Sea,  the  Mediterranean,  the  Yellow  Sea  and  other  similar 
waters  may  be  practically  controlled  by  submarines  and  by  light,  fast 
vessels.  In  the  presence  of  an  active  enemy  well  provided  with  sub- 
marine boats  large  vessels  cannot  operate  in  such  seas  except  under 
the  greatest  precautions,  going  at  high  speed  and  using  all  possible 
means  of  defence. 
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BUSIINELL'S  BOAT:  THE  AMERICAS  TURTLE. 
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THE  HOLLAND. 
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